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Relationship  ol  Soil  Moisture  and  Preeip- 
itation  to  Spring  Wheat  Yields  in  the 
Northern  Great  Plains' 

By  J.  R.  Thomas,  soil  scientist,  T.  J.  Army,  soil  scientist.  Soil  and  Water  Con- 
servation Research  Division,  and  E.  L.  Cox,  biometrician.  Biometrical  Services, 
Agricultural  Research  Service 

Lack  of  moisture  is  a major  factor  in  limiting  spring  wheat  produc- 
tion in  the  northern  Great  Plains.  Cultural  practices  have  been 
devised  and  advocated  to  conserve  moisture  and  to  increase  the 
efficiency  of  moisture  use  by  the  wheat  plant.  A summer  fallow 
period  to  increase  soil  moisture  reserves  for  the  next  crop  has  been 
used  in  the  more  arid  sections  of  the  Great  Plains  since  the  beginning 
of  the  20th  century.  However,  the  practice  of  summer  fallow  only 
became  ^widespread  during  the  drought  of  the  thirties.  It  has  been 
estimated  that  17.9  million  acres  were  fallowed  in  the  10  Great  Plains 
States  (9)^  in  1951.  Many  studies  have  indicated  that  the  practice 
of  fallowing  materially  reduces  the  frequency  of  crop  failures  and 
provides  a partial  stability  to  dryland  farming  operations. 

The  primary  objective  of  this  study  was  to  evaluate  the  importance 
of  soil  moisture  supply  at  seeding  and  of  preseasonal  and  growing 
season  precipitation  on  the  yield  of  spring  wheat  grown  on  important 
soil  types  in  the  northern  Great  Plains.  The  study  includes  and 
evaluates  the  effect  of  two  cultural  practices:  (1)  Alternate  wheat 
and  fallow  and  (2)  continuous  cropping. 

REVIEW  OF  LITERATURE 

Fallowing  is  expected  to  increase  available  soil  moisture.  Because 
of  the  success  of  fallowing  practices,  many  workers  have  become 
interested  in  investigating  the  importance  of  soil  moisture  at  seeding 
time  and  the  effect  of  growing  season  precipitation  on  wheat  yields. 

Cole  (3)  investigated  the  dependence  of  spring  wheat  yields  on 
annual  precipitation  (calculated  for  a year  ending  July  31)  at  14 
locations  in  the  northern  Plains.  From  the  data  he  used,  the  varia- 


^ Joint  contribution  from  Soil  and  Water  Conservation  Research  Division, 
Agricultural  Research  Service,  U.S.  Department  of  Agriculture,  and  the  Agri- 
cultural Experiment  Stations  of  Montana,  North  Dakota,  and  South  Dakota. 

2 Italic  numbers  in  parentheses  refer  to  Literature  Cited,  p.  15. 
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bility  in  yield  was  reduced  by  an  estimated  61  percent  after  being 
expressed  as  a function  of  annual  precipitation.  Similar  relationships 
were  obtained  by  Aasheim  ^ by  expressing  grain  yields  as  a function 
of  spring-to-harvest  precipitation.  Pengra  (8)  could  show  only  that 
wheat  fields  were  significantly  related  to  precipitation  in  those  areas 
of  South  Dakota  receiving  less  than  11  inches  during  the  growing 
season.  He  stated  that  preseasonal  precipitation  was  almost  as 
effective  as  seasonal  precipitation  in  influencing  small-grain 
production. 

Smaller  coefficients  of  determinations  (r^)  for  wheat  yields  and  for 
precipitation  on  summer  fallow  than  on  continuous  cropping  (1,  3,  6) 
suggest  that  factors  other  than  precipitation  have  greater  influence 
when  cultural  methods  are  used  that  increase  the  supply  of  soil 
moisture  at  seeding  time.  Cole  and  Mathews  (4)  showed  that 
expressing  the  yield  of  spring  wheat  as  a function  of  the  depth  to 
which  the  soil  was  moist  at  seeding  time  was  tenable.  However, 
Aasheim  ^ found  that  soil  moisture  on  both  fallowed  and  continuously 
cropped  land  accounted  for  less  than  24  percent  of  the  variability  in 
yield  of  wheat  at  Havre,  Mont.  Similar  results  have  been  reported 
by  Army  and  Hanson  (1)  for  spring  wheat  production  at  three  loca- 
tions in  Montana.  However,  Thysell  (11)  found  a significant  rela- 
tionship between  spring  wheat  yields  and  soil  moisture  at  seeding  on 
continuously  cropped  spring-plowed  land  (r^=0.26)  but  not  on 
fallowed  land  (r^=0.04).  Soil  moisture  is  believed  by  some  to  be  of 
greater  importance  in  the  southern  Plains;  for  example,  Finnell  (5) 
states  that  ^‘soil  moisture  at  planting  time  is  the  most  important 
measurable  factor  that  will  affect  the  success  of  a wheat  crop.^^ 

Great  seasonal  variability  of  rainfall  and  excessively  high  and  low 
temperatures  are  characteristic  of  the  northern  Great  Plains  (12). 
Average  annual  precipitation  ranges  from  11  to  16  inches,  with  approx- 
imately three-fourths  of  the  annual  precipitation  occurring  from  April 
through  September.  June  is  normally  the  wettest  month,  followed 
closely  by  May  and  July.  Temperatures  over  100°  F.  and  below  0° 
are  not  uncommon  during  any  year. 

DATA  AVAILABLE  AND  PROCEDURE  OF 
INTERPRETATION 

Climatic,  soil  moisture,  and  yield  data  have  been  recorded  in  con- 
junction with  studies  on  the  effects  of  different  methods  of  cropping 
and  tillage  on  production  of  spring  wheat  at  various  experiment 

3 Aasheim,  T.  S.  interrelationships  of  precipitation,  soil  moisture  and 
SPRING  WHEAT  PRODUCTION  IN  NORTHERN  MONTANA.  Unpublished  M.S.  Thcsis, 

Montana  State  College.  1954. 
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stations  in  the  northern  Great  Plains  (2).  Three  methods  of  culti- 
vation with  spring  wheat  were  examined:  (1)  Spring-plowed  land, 
continuously  cropped;  (2)  fall-plowed  land,  continuously  cropped; 
and  (3)  alternate  crop  and  fallow.  Treatments  were  not  replicated, 
but  a crop  was  harvested  every  year. 

The  designations  and  locations  of  the  stations  selected  for  study 
and  the  years  for  which  yield  and  precipitation  data  were  available 
are  shown  in  table  1.  Place  names  are  used  to  designate  the  experi- 
ment station.  Incomplete  soil  moisture  records  limited  the  available 
data  to  17  3"ears  at  Ardmore,  22  years  at  Dickinson,  31  years  at  Havre, 
and  34  years  at  Huntley. 


Table  1. — Designation  and  location  of  experiment  stations  selected 
jor  study  and  years  of  record 


Designation 

Location 

Years  of 
record 

United  States  Drvland  Field  Station 

Ardmore,  S.  Dak 

1913-32 

Newell  Irrigation  and  Dryland  Field  Sta- 

Newell, S.  Dak 

1909-55 

tion. 

Dickinson  Substation 

Dickinson,  N.  Dak 

1907-57 

North  ^Montana  Branch  Station 

Havre,  Mont 

1907-47 

Huntlev  Branch  Station 

Huntlev,  Mont 

1913-46 

Soil  series  and  texture  and  the  depth  to  which  soil  moisture  calcu- 
lations were  made  at  each  location  are  presented  in  table  2.  Soil 
samples  for  moisture  determination  were  taken  at  1-foot  intervals  to  a 
depth  of  3 or  4 feet  at  or  near  seeding  time.  Percentage  of  moisture 
was  converted  to  inches  of  water  by  means  of  previously  determined 
volume  weights.^  Four  soil  samples  were  obtained  in  each  0.1-acre 
plot. 

Table  2. — Soil  identification  and  depth  of  soil  sampling  at  each  experi- 
ment station 


Location 

Soil  series 

Texture 

Depth  of 
sampling 

Ardmore  _ 

Rosebud 

Clay  loam 

Feet 

4 

Newell 

Pierre 

Clav 

3 

Dickinson 

Morton 

Loam 

3 

Havre 

Joplin 

Clav  loam 

4 

Huntlev 

Nunn  1 

do 

4 

1 Field  name  used  in  I960,  subject  to  final  correlation. 


^ Unpublished  records  from  the  former  Division  of  Dryland  Agriculture. 
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Average  grain  yields  at  each  location  are  shown  in  table  3.  Com- 
plete precipitation,  yield,  and  soil  moisture  data  are  given  in  appendix 
tables  11  to  20,  inclusive.  Yields  were  expressed  in  terms  of  bushels 
of  grain  per  acre.  All  yield  data  were  used,  even  though  in  some 
years  crop  failure  was  owing  to  causes  other  than  lack  of  moisture. 
Spring  wheat  yield  data  from  continuously  cropped  spring-plowed 
land  were  selected  for  study,  except  at  Newell.  Since  yields  of  all 
crops  at  Newell  were  greater  on  fall-plowed  land  (7),  fall-plowed 
continuously  cropped  wheat  data  were  used  for  this  location.  Sal- 
mon and  coworkers  {9)  have  pointed  out  that  spring-plowed  con- 
tinuous wheat  has  generall}"  given  highest  ^delds  in  the  northern 
Plains. 

Table  3. — Effect  of  cultural  practices  on  mean  spring  wheat  yields 
at  the  locations  selected  for  study 


Location 

Continu- 

ously 

cropped 

Alternate 
crop  and 
fallow 

Ardmore 

Bushels  per  acre 

11.  8 

Bushels  per  acre 

17.  2 

Newell 

1 13.  0 

21.  2 

Dickinson 

12.  0 

19.  1 

Havre  _ 

7.  8 

15.  8 

Hun  tie  V 

8.  3 

13.  9 

1 Fall-plowed,  others  spring-plowed. 


Since  dates  of  seeding  and  harvest  were  found  to  be  fairly  constant, 
mean  dates  of  seeding  and  harvest  were  used  for  each  location.  These 
dates  were  altered  to  conform  with  the  nearest  climatological  week  of 
the  U.S.  Weather  Bureau  (table  4).  Seasonal  precipitation  was  cal- 
culated for  periods  corresponding  to  climatological  weeks. 


Table  4. — Average  dates  of  seeding  and  harvest  and  corresponding 
climatological  weeks  at  each  location 


Location 

Average  dates  of — 

Climato- 

logical 

Seeding 

Harvest 

week 

No.i 

Ardmore 

Apr.  5 
Apr.  16 
Apr.  14 
Apr.  25 
Apr.  18 

Aug.  1 
July  31 
Aug.  5 
Aug.  2 
July  27 

6-22 

Newell 

7-22 

Dickinson 

7-23 

Havre 

8-22 

Huntlev 

7-22 

1 Climatological  week  No.  1 is  March  1-7,  inclusive. 
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Simple  and  multiple  regression  and  correlation  techniques  {10) 
were  employed  to  study  the  effects  of  soil-moisture  supply  at  seeding 
and  precipitation  on  spring  wheat  yields. 

RESULTS  AND  DISCUSSION 

An  indication  of  the  importance  of  stored  soil  moisture  at  seeding 
time  may  be  gained  by  describing  yield  as  a linear  function  of  stored 
soil  moisture  and  by  investigating  the  estimated  regression  coefficients 
and  standard  errors  that  arise  from  least  squares  calculations.  Re- 
gression equations  for  five  locations  separately  for  the  two  cultural 
practices  and  combined  are  shown  in  table  5. 

Soil  moisture  reserves  provided  a significant  contribution  to  yield 
except  at  Dickinson.  Coefficients  of  determinations  ranged  in  value 
from  1.3  to  34  percent,  which  indicated  that  soil  moisture  at  best 
accounted  for  only  a small  part  of  the  yield  variability.  The  fact  that 
the  regression  coefficients  under  different  cultural  practices  were  not 
significantly  different  at  any  location  provided  the  basis  for  the  com- 
bined regressions.  Despite  the  failure  of  the  tests,  the  coefficients  for 
the  fallow  treatments  are,  ignoring  Dickinson,  greater  than  the  con- 
tinuous cropping  coefficients  for  the  four  locations.  This  suggests  that 
the  greatest  change  in  yield  for  a given  change  in  soil  moisture  oc- 
curred on  fallowed  land. 

When  grain  3d  elds  are  considered  as  a function  of  seasonal  pre- 
cipitation, the  regression  of  yield  on  seasonal  precipitation  expressed 
in  coefficient  of  determination  form  shows  that  11  to  73  percent  of  the 
yield  variance  was  associated  with  the  variability  in  seasonal  pre- 
cipitation. The  contribution  of  seasonal  precipitation  to  yield  was 
least  well  defined  at  Dickinson.  The  regressions  for  both  cultural 
practices  separately  and  combined  as  well  as  associated  descriptive 
statistics  are  shown  in  table  6.  The  combined  regressions  for  soil 
moisture  were  constructed  because  of  lack  of  difference  between  the 
individual  regressions. 

The  degree  of  effectiveness  in  expressing  crop  yields  as  a function 
of  rainfall  appears  to  depend  on  the  particular  calendar  period  over 
which  the  observations  are  made.  Haas  and  Evans  (6*),  in  a study 
of  the  effect  of  annual  precipitation  on  yields  of  spring  wheat  on  fallow 
at  Dickinson,  expressed  the  regression  contribution  in  terms  of  a cor- 
relation coefficient  of  0.69.  The  comparable  statistic  when  growing 
season  precipitation  is  used  as  the  dependent  variable  (table  6)  was 
found  to  be  0.33.  If  the  difference  between  these  values  reflects  other 
than  sampling  error,  the  annual  precipitation  may  be  considered  as  a 
better  indicator  of  the  basic  causative  factors  than  is  growing  season 
precipitation. 


Table  5. — Dependence  of  spring  wheat  yield  {y)  on  stored  soil  moisture  (M)  at  the  selected  locations  in  the  northern 

Great  Plains 
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j T'MaS'=  Treatment  mean  square.  **  = Significant  at  1-percent  level. 

^ Fall-plowed,  other  stations  spring-plowed. 


Table  6. — Dependence  of  spring  wheat  yield  (y)  on  seasonal  precipitation  (S)  at  the  selected  locations  in  the  northern 
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Table  7.- — Multiple  regression  equations  relating  spring  wheat  yields  {y)  to  stored  soil  moisture  (M)  and  seasonal 
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The  standard  errors  associated  with  the  regressions  of  yield  on 
growing  season  precipitation  in  table  6 are  such  as  to  suggest  that  the 
use  of  these  equations  for  prediction  of  crop  yields  for  a given  year 
carries  too  large  an  uncertainty  for  them  to  be  useful.  To  this  end  a 
regression  model  expressing  yields  as  a function  of  both  growing  season 
precipitation  and  stored  soil  moisture  is  considered,  and  the  resulting 
equations  given  in  table  7.  Some  apparent  improvement  in  the 
effectiveness  of  the  regressions  is  suggested. 

As  w^as  to  be  expected  from  the  simple  regressions  exhibited  in 
tables  5 and  6,  the  multiple  regressions  expressed  in  table  7 show  in 
all  cases  a reduction  in  standard  error  of  estimate  over  those  previously 
examined.  Hence,  the  combined  model  y=a-\-hmM-\-hsS  has  stronger 
predictive  power  for  providing  estimates  of  the  yield,  as  a result  of  the 
knowledge  of  grooving  season  precipitation  and  preseasonal  soil 
moisture  measurement. 

The  relatively  large  percentage  reduction  in  total  sum  of  squares 
(table  8)  associated  with  seasonal  precipitation  indicates  that  seasonal 
precipitation  was  more  effective  than  stored  soil  moisture  in  deter- 
mining yields.  Comparison  of  the  independent  and  combined  effects 


Table  8. — Percent  reduction  of  total  sums  of  squares  {SS)  provided  by 
regression  equations  of  table  7 


Location  and  treatment 


Reductions  in  regression  (^percentage  of  total 
SS)  due  to — 


M alone 

S after 
M 

S alone 

M after 
S 

Treat- 

ment 

Ardmore : 

Alternate  fallow 

24.  26 

44.  24 

66.  96 

1.  54 

Continuous  cropping 

33.  49 

52.  60 

84.  02 

2.  07 

Combined 

26.  82 

47.  34 

72.  21 

1.  96 

4.  25 

Newell: 

Alternate  fallow 

12.  11 

30.  30 

37.  89 

4.  52 

Continuous  cropping  i 

16.  18 

29.  78 

42.  97 

2.  99 

Combined 

12.  50 

27.  01 

36.  33 

3.  18 

9.  58 

Dickinson: 

Alternate  fallow 

1.  31 

6.  16 

5.  65 

1.  82 

Continuous  cropping 

5.  75 

16.  67 

14.  63 

7.  79 

Combined 

2.  56 

10.  34 

9.  21 

3.  69 

17.  89 

Havre: 

Alternate  fallow 

16.  55 

41.  46 

47.  92 

10.  09 

Continuous  cropping 

19.  55 

56.  54 

72.  60 

3.  49 

Combined 

30.  74 

20.  43 

45.  79 

5.  38 

17.  42 

Huntley: 

Alternate  fallow 

33.  92 

16.  60 

37.  93 

12.  58 

Continuous  cropping 

25.  85 

31.  50 

46.  77 

10.  57 

Combined 

28.  09 

21.  01 

38.  18 

10.  92 

7.  02 

Fall-plowed,  others  spring-plowed. 
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of  soil  moisture  and  seasonal  precipitation  in  reducing  the  total  sum 
of  squares  suggests  that  these  sets  of  observations  are  interrelated. 
They  could  not  be  considered  to  be  correlated  in  the  strict  sense,  as 
the  physical  phenomena  they  represent  must  be  considered  to  be 
independent. 

There  is,  however,  some  evidence  to  suggest  that  rainfall  amounts 
during  selected  periods  should  not  be  considered  as  truly  random. 
If  nature  provides  a correlation  between  the  rainfall  during  any  one 
period  and  that  in  the  preceding  or  succeeding  period,  some  relation- 
ship between  soil  moisture  at  seeding  and  growing  season  precipitation 
measurements  would  be  expected. 

Records  of  preseasonal  precipitation  (P)  are  available.  It  is  to  be 
expected  that  these  observations  would  be  correlated  with  soil  moisture 
determinations.  They  could  logically  be  considered  as  a causative 
factor  leading  to  the  soil  moisture  conditions.  The  estimates  of  these 
correlations  are  shown  in  table  9.  A positive  association  is  fairly 
well  defined  except  perhaps  at  Ardmore  and  Dickinson.  However,  in 
no  case  is  the  order  of  association  as  high  as  might  have  been 
anticipated. 


Table  9. — Correlation  between  soil  moisture  at  seeding  and  preseasonal 

precipitation 


Location  and  treatment 

Years  of 
record 

Correla- 

tion 

estimate 

Approximate  95  per- 
cent confidence 
limits  on  correlation 
coefficients 

Ardmore : 

Alternate  fallow 

16 

0.  384 

-0.  139<p<0.  739 

Continuous  cropping 

Newell: 

Alternate  fallow  _ 

17 

. 345 

163<p<  . 

708 

47 

. 595 

. 368<p<  . 

755 

Continuous  cropping  ^ 

47 

. 418 

. 147<p<  . 

632 

Dickinson : 

Alternate  fallow 

20 

. 232 

-.  236<p<  . 

604 

Continuous  cropping  _ 

21 

. 359 

-.  087<p<  . 

680 

Havre: 

Alternate  fallow 

30 

. 596 

. 301<p<  . 

787 

Continuous  cropping 

31 

. 560 

. 257<p<  . 

761 

Huntley : 

Alternate  fallow 

34 

. 510 

. 209<p<  . 

723 

Continuous  cropping 

34 

. 670 

. 430<p<  . 

822 

1 Fall-plowed,  others  spriog-plowed. 


This  investigation  of  correlation  leads  one  to  consider  a model 
in  which  yield  is  expressed  as  a function  of  growing  season  precipitation 
(*S)  and  preseasonal  precipitation  (P).  The  regression  equations 
developed  from  fitting  this  model  are  shown  in  table  10.  It  may  be 
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observed  that  in  general  there  is  no  appreciable  change  in  standard 
errors  from  those  recorded  in  table  7 for  the  model  expressing  yield 
as  a function  of  seasonal  precipitation  and  soil  moisture  at  seeding. 
However,  in  the  case  of  Dickinson,  there  is  an  indication  of  consider- 
able improvement,  which  would  seem  to  suggest  some  anomaly  there 
in  the  reflection  of  soil  moisture  measurements  to  the  prediction  of 
yield. 


Table  10. — Multiple  regression  equations  relating  spring  wheat  yields 
(y)  to  seasonal  precipitation  (S)  and  preseasonal  precipitation  (P) 


Location  and  treatment 

Years 

of 

record 

Regressions 
{y  = A + BsS-^CpP) 

Standard 

error 

(Se) 

Ardmore : 

Alternate  fallow 

19 

2/--25.9H-2.598  + 0.78P 

8.  9 

Continuous  cropping 

20 

2/=-41.47  + 3.338+3.28P 

4.  7 

Newell: 

Alternate  fallow 

47 

-23.85  + 2.268+  1.09P 

9.  1 

Continuous  cropping  i__ 

47 

?/=- 15.50  + 2.188+ 1.32P 

8.  8 

Dickinson : 

Alternate  fallow  

49 

2/=-15.85+  .958+1. 16P 

8.  4 

Continuous  cropping 

50 

y=-  5.95+ 1.038+ 1.22P 

6.  8 

Havre: 

Alternate  fallow  

30 

2/=  -22.29  + 2.848+  1.16P 

6.  9 

Continuous  cropping 

31 

2/=-11.30  + 2.498+  .59P 

3.  7 

Huntley: 

Alternate  fallow 

34 

2/= -41.14+3.008+  .64P 

9.  1 

Continuous  cropping 

34 

y=  - 17.57  + 2.638+  1.34P 

6.  0 

1 Fall-plowed,  others  spring-plowed. 


The  regression  equations  showing  wheat  yields  as  a function  of  soil 
moisture  and  seasonal  precipitation  (table  7)  or  of  seasonal  and 
preseasonal  precipitation  (table  10)  may  be  used  for  evaluating  the 
range  of  yields  that  can  be  expected  on  given  soil  types  under  specific 
moisture  conditions  and  for  predicting  crop  yields.  However,  the 
predictive  power  of  the  regression  equations  is  not  strong. 

Graphical  representations  of  the  regression  surfaces  of  table  7 are 
shown  in  figure  1.  A given  Aueld  may  be  obtained  with  different 
combinations  of  seasonal  precipitation  and  soil  moisture.  For 
example,  with  continuous  cropping  at  Ardmore,  yields  may  range  from 
0 to  11.2  bushels  per  acre  within  the  soil  moisture  and  seasonal 
precipitation  limits  of  0 to  12  inches  and  5.2  and  8.8  inches,  respectively. 
Similarly,  yields  for  alternate  fallow  at  Ardmore  may  range  from 
0 to  17.7  bushels  within  the  respective  soil  moisture  and  seasonal 
precipitation  boundaries  of  0 to  12  inches  and  3.4  to  9.8  inches. 
This  may  be  associated  with  rainfall  distribution  and  stage  of  plant 
development.  Army  and  Hanson  (7)  reported  that  precipitation 
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Figure  1. — Relationship  of  yield  (F)  to  seasonal  precipitation  (S)  and  soil 
moisture  supply  (M)  at  seeding  on  alternate  fallow  and  continuously  cropped 
spring  wheat. 


between  seeding  and  heading  was  more  critical  in  relation  to  yield 
than  precipitation  in  the  remainder  of  the  growing  season. 

Figure  2 exhibits  the  character  of  the  regression  equations  expressing 
yield  as  a function  of  seasonal  precipitation  and  preseasonal  pre- 
cipitation that  were  presented  in  table  10.  For  example,  all  yields 
from  0 to  23.9  bushels  per  acre  are  probable  on  alternate  fallow  at 
Newell  if  the  respective  seasonal  and  preseasonal  precipitation 
values  range  from  0 to  10.6  inches  and  from  10  to  21.8  inches. 

Within  the  limits  of  the  information  being  evaluated,  the  regression 
equations  (table  7)  could  be  used  for  predictive  purposes.  For 
example,  the  surface  for  continuous  cropping  at  Ardmore  would 
give  an  estimated  yield  of  8 bushels  per  acre  for  5 inches  of  soil  moisture 
and  10  inches  of  seasonal  precipitation.  The  standard  error  can  be 
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used  in  assigning  confidence  limits  to  this  estimate.  In  this  case  the 
95  percent  confidence  limits  predict  a yield  between  0 and  22  bushels 
per  acre.  Similarly,  the  predicted  yield  for  alternate  fallow  at  Ardmore 
would  be  between  0 and  28  bushels  per  acre. 

As  an  example  of  the  kind  of  predictions  that  might  be  provided 
by  the  equations  of  table  10,  a selection  of  5 inches  for  preseasonal 
precipitation  {P)  and  10  for  seasonal  precipitation  {S)  for  continuous 


Figure  2. — Relationship  of  yield  (F)  to  seasonal  precipitation  (8)  and  preseasonal 
precipitation  (P)  on  alternate  fallow  and  continuously  cropped  spring  wheat. 
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cropping  at  Ardmore  will  give  a predicted  yield  of  8 bushels  per  acre 
with  95  percent  confidence  of  0 to  20  bushels;  for  alternate  fallow 
a predicted  yield  of  12  bushels  per  acre  will  be  between  0 and  36 
bushels  per  acre. 

Extraneous  factors,  as  insects  and  hail,  were  not  compensated 
for  or  included  in  any  of  these  regression  studies.  When  one  considers 
that  no  crop  data  were  excluded  in  the  study  for  any  reason,  more 
value  can  be  placed  on  the  conclusions  than  is  perhaps  apparent 
from  the  regression  studies.  The  relationships  shown  with  their 
rather  large  standard  errors  are  truly  indicative  of  the  actual  varia- 
bility in  spring  wheat  yields  on  selected  soil  types  under  specific 
moisture  conditions.  Use  of  these  regression  equations  for  prediction 
purposes  during  any  given  year  definitely  has  limitations  and  requires 
caution  and  good  judgment. 

SUMMARY 

The  premise  that  the  levels  of  soil  moisture  at  seeding,  growing 
season  precipitation,  and  preseasonal  precipitation  are  reflected  in 
the  spring  wheat  yields  observed  was  investigated  by  the  use  of 
linear  and  multiple  regression  on  data  from  several  locations  in  the 
northern  Great  Plains. 

Stored  soil  moisture,  although  providing  linear  regressions  with 
significant  coefficients  at  most  locations,  did  not  sufficiently  reduce 
the  estimates  of  error  variability  to  make  predictive  estimates  prac- 
ticable. 

The  model  expressing  yield  as  a function  of  growing  season  pre- 
cipitation seemed  to  be  more  effective  in  reducing  the  error  estimates. 
Hence,  the  predictions  from  growing  season  precipitation  data  were 
sharper  than  those  from  the  stored  soil  moisture  data,  although 
there  was  considerable  difference  from  location  to  location. 

The  use  of  both  soil  moisture  and  seasonal  precipitation  in  a 
multiple  regression  model  further  reduced  the  error  estimates  and 
made  this  the  best  predictor  for  the  data  available. 

The  correlations  between  preseasonal  precipitation  and  soil  moisture 
at  seeding  were  not  so  high  as  anticipated.  N evertheless,  the  regression 
model  of  yield  on  preseasonal  and  seasonal  precipitation  seemed 
almost  as  effective  as  that  on  seasonal  precipitation  and  soil  moistm’e 
at  seeding. 

The  standard  errors  for  the  regressions  of  yield  on  soil  moisture 
and  seasonal  precipitation  ranged  from  3.6  to  10.2  bushels  per  acre, 
and  those  for  3field  on  preseasonal  and  seasonal  precipitations  ranged 
from  3.7  to  9.1  bushels  per  acre. 
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Some  indication  of  the  use  of  the  multiple  regression  functions  to 
define  the  ^deld  range  under  specific  moisture  conditions  and  as 
predictive  equations  is  demonstrated. 
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APPENDIX 


Table  11. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil 
moisture  at  seeding  for  fallowed  plots  at  Ardmore,  S.  Dak. 


Precipitation 

Year 

Yield  per 
acre 

Pre- 
seasonal 
Aug.  2- 
Apr.  4 1 

Seasonal 
Apr.  5- 
Aug.  1 

Soil 

moisture 

1913 

Bushels 

7.2 

Inches 

Inches 

6.  92 

Inches 

10.  68 

1914  - 

0 

18.  73 

8. 24 

11.  53 

1915  _ - 

45.0 

21.17 

20.  04 

13. 28 

1916  - - - ---  

15.8 

36.  21 

8. 85 

14.  06 

1917  

8.7 

23.15 

10.  26 

14.  03 

1918  - 

37.0 

21.75 

12.  87 

13.  39 

1919  

10.3 

25.  92 

9.  72 

12.  27 

1920-  

23.  7 

21.89 

12.  71 

13.24 

1921 

17.  7 

23.  70 

8.  73 

1922 

0 

17. 39 

12.  47 

1923  

21.0 

20.  92 

11.  50 

1924  

15.2 

24.43 

6.  00 

10.  79 

1925 

16.3 

19.  72 

9.  46 

13.72 

1926 

11.8 

21.53 

8.  25 

11.78 

1927 

37.2 

23.  31 

13.  91 

14.  92 

1928 

32.2 

29.20 

9.  09 

13.  64 

1929 ^ 

17.8 

18.  97 

8.  70 

11.23 

1930  

10.7 

18.  28 

6.  76 

12.  21 

1931 _ 

2.5 

22. 11 

3.  90 

13.21 

1932  

13.3 

18.  45 

8.  60 

12.42 

Mean __  . __  __  _ _ 

17.2 

22.  46 

9. 85 

12. 73 

1 Includes  fallow  year. 


Table  12. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil 
moisture  at  seeding  for  spring-plowed  continuous-cropped  plots  at  Ardmore,  S.  Dak. 


Precipitation 

Year 

Yield  per 
acre 

Pre- 
seasonal 
Aug.  2- 
Apr.  4 

Seasonal 
Apr.  5- 
Aug.  1 

Soil 

moisture 

1913 ...  

Bushels 

2.3 

Inches 

5. 69 

Inches 

6.  92 

Inches 

5.  56 

1914 ___  ...  . 

0 

6.12 

8. 24 

8.  72 

1915 ...  ..  _.  . 

49.2 

6.  81 

20.  04 

11.78 

1916 

18.0 

9. 36 

8.  85 

13. 48 

1917 

7.  5 

4.  94 

10.  26 

13.  33 

1918 

27.  7 

6.  55 

12.  87 

10.  64 

1919 

3.3 

6.  50 

9.  72 

10.13 

1920  

23.  8 

5.67 

12.  71 

14.  54 

1921 

7.  7 

5. 32 

8.  73 

1922  

0 

3.  34 

12.47 

1923 

16.2 

5. 11 

11.60 

1924  

6.0 

7.  82 

6.  00 

9.  49 

1925 

7.3 

5.  90 

9.  46 

8.  28 

1926 . 

5.7 

6.17 

8.  25 

10.  64 

1927 

33.5 

8.  89 

13.  91 

14. 12 

1928 

9.5 

6.  40 

9. 09 

10.  07 

1929 

5.  7 

3.  48 

8.  70 

8.  54 

1930 

3.8 

6. 10 

6.  76 

10.  38 

1931 

1.0 

9.  25 

3.  90 

9.  90 

1932 ..... 

8.5 

5.  30 

8.  60 

9. 26 

Mean . . 

11.8 

6.  24 

9.  85 

10.  52 
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Table  13. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil 
moisture  on  fallowed  plots  at  Newell,  S.  Dak. 


Precipitation 

Year 

Yield 
per  acre 

Preseasonal 
Aug.  2- 
Apr.  10  1 

Seasonal 
Apr.  11- 
Aug.  1 

Soil 

moisture 

1909 

Bushels 

32.2 

Inches 

21.68 

Inches 

12. 68 

Inches 

11.94 

1910 

5.0 

24. 27 

5.  78 

12. 33 

1911 

0 

17. 13 

2.  23 

10. 02 

1912 

0 

12.  20 

8.20 

9.  58 

1913 

16.8 

22.  22 

5.  47 

12.  56 

1914 

15.8 

20.  47 

6.  74 

11.05 

1915 

57.2 

19.20 

15.  26 

9.  41 

1916 

18.7 

26.  29 

7.  98 

13.  01 

1917 

11.1 

19.  41 

7. 14 

11.52 

1918 

35.0 

19.  88 

8.  29 

12. 11 

1919 

6.2 

24.  32 

5.  09 

10.  98 

1920 

29.2 

24. 10 

18.  97 

14.  54 

1921 

25.0 

33.  76 

7.  89 

11.36 

1922 

31.5 

19.  55 

14.  56 

13. 12 

1923 

31.0 

26.  50 

11. 13 

12.  61 

1924 

23.8 

34. 10 

3.  60 

12. 13 

1925 

24.5 

30.  30 

5.  76 

12.  88 

1926 

45.2 

21.08 

11.16 

12.  54 

1927 

25.5 

23.  80 

16.  85 

13. 86 

1928 

41.7 

29.  45 

10.  53 

12.  39 

1929 

29.7 

23.  51 

11.63 

13.  44 

1930 

11.0 

27.  52 

7. 02 

13.  35 

1931 

0.8 

21.23 

4.  75 

12.  27 

1932 

18.8 

14.  37 

13.  48 

9.  73 

1933 

19.8 

23.  44 

13.  33 

13.23 

1934 

21.3 

26.  27 

5.82 

12.  86 

1935 

10.5 

19.  83 

6.  97 

11.93 

1936 

1.0 

19.  33 

3.  93 

11.71 

1937 

18.7 

15.  22 

11.59 

9.  71 

1938 

15.3 

23.  78 

5.  66 

11.91 

1939 

0 

15.  47 

5.  37 

9. 28 

1940 

0 

15. 12 

10.  27 

8.  24 

1941 

24.0 

21.  28 

13.  72 

12.  27 

1942 

42.3 

26.  57 

13.  96 

13.  52 

1943 

29.7 

28. 16 

7.  41 

12. 18 

1944 

35.0 

19.80 

10.  87 

11.41 

1945 

19.8 

24.62 

7. 10 

11.94 

1946 

34.7 

21.54 

16.  37 

11.67 

1947 

27.5 

34.45 

7.  39 

12.  80 

1948 

39.2 

24.  63 

11.39 

12.  67 

1949 

15.  7 

23.  47 

6.  47 

12.  67 

1950 

21.8 

19. 16 

5.  76 

11.69 

1951 

21.5 

19.  45 

7. 19 

10.  61 

1952 

12.8 

22.  62 

6.  58 

10.  81 

1953 

20. 1 

19.  46 

10. 03 

12.  81 

1954 

13.1 

20.  96 

7.  83 

11.70 

1955 

15.0 

19.  69 

7. 14 

11.85 

Mean _______  __ 

21.2 

22.  60 

9. 03 

11.88 

1 Includes  fallow  year. 
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Table  14. — Spring  wheat  yield,  precipitation  by  climatological  weeks,  and  soil 
moisture  at  seeding  on  fall-plowed  continuous-cropped  plots  at  Newell,  S.  Dak. 


1909_ 

1910- 

1911- 

1912- 

1913- 

1914- 

1915- 

1916- 

1917- 

1918- 

1919- 

1920- 

1921- 

1922- 

1923- 

1924- 

1925- 

1926- 

1927- 

1928- 

1929- 

1930- 

1931- 

1932- 

1933- 

1934- 

1935- 

1936- 

1937- 

1938- 

1939- 

1940- 

1941- 

1942- 

1943- 

1944-  . 

1945 - . 

1946-  . 

1947- 

1948-  . 

1949- , 

1950- 

1951- . 

1952-  . 

1953-  . 

1954-  . 

1955 - . 


Yield 
per  acre 

Precip 

Preseasonal 
Aug.  2- 
Apr.  10 

itation 

Seasonal 
Apr.  11- 
Aug.  1 

Soil 

moisture 

Bushels 

Inches 

Inches 

Inches 

23.3 

4.  94 

12.  68 

7.62 

0 

6.  65 

5.78 

11.37 

0 

4.  70 

2.  23 

9.02 

0 

5.  27 

8.  20 

9.  70 

7.9 

8.  75 

5.  47 

9. 07 

4.8 

6.  25 

6.  74 

7.  67 

57.7 

6.  21 

15.  26 

9.  26 

10.8 

4.  82 

7.  98 

7.  76 

2.8 

6.  61 

7. 14 

8. 18 

9.8 

6. 13 

8.  29 

8.49 

0 

9.  90 

5.  09 

8. 12 

28.7 

9. 11 

18.  97 

13.  66 

2.0 

5.  68 

7.  89 

6.  51 

30.0 

5.  98 

14.  56 

11.19 

28.5 

5.  96 

11.13 

11.  86 

19.5 

17.  01 

3.  60 

12.  07 

15.2 

9.  69 

5.  76 

10.  50 

29.3 

5.63 

11. 16 

9. 20 

12.3 

7.  01 

16.  85 

13.  20 

26.2 

5.59 

10.  53 

9.  31 

23.5 

7.  39 

11.63 

11.23 

6.7 

8.  50 

7.  02 

11.26 

0 

5.  71 

4.  75 

7.  90 

15.5 

3.  91 

13.  48 

8.  98 

14.5 

6.  05 

13.  33 

12.  01 

10.7 

6.  89 

5.82 

8.  66 

2.8 

7. 12 

6.  97 

9.  84 

0 

5.24 

3.  93 

8.  66 

5.3 

6. 05 

11.59 

7.  83 

6.2 

6. 14 

5.66 

9. 15 

0 

3.  67 

5.37 

6.  51 

0 

6.  08 

10.27 

8.  52 

17.3 

4.  93 

13.  72 

10.  68 

34.0 

7.92 

13.  96 

10.  67 

7.7 

6.28 

7.  41 

8.  25 

29.2 

6. 11 

10.  87 

10.  26 

15.2 

7.  64 

7. 10 

9.  43 

18.5 

6.  80 

16.  37 

9.  03 

21.2 

11.  28 

7.  39 

12.  68 

21.0 

5.  96 

11.35 

10.  67 

9.3 

6. 12 

6.  47 

11.41 

11.3 

6.  57 

5.76 

10. 55 

3.2 

7. 12 

7. 19 

8. 21 

2.7 

8.  31 

6.  58 

9. 18 

14.1 

4.  57 

10.  03 

11.19 

7.0 

6. 36 

7.  83 

10. 13 

7.0 

5.  50 

7. 14 

9. 19 

13.0 

6.  73 

9.  03 

9.  70 

Mean. 
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Table  15. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil 
moisture  at  seeding  for  fallowed  plots  at  Dickinson,  N.  Dak. 


Year 


1907_.-. 

1908._-- 

1909 

1910--._ 

1911__.- 

1912 

1913_-._ 

1914. 

1915- ... 

1916- .. 

1917.. .. 
1918.-.- 

1919  

1920  

1921  

1922  

1923.. . - 

1924- ... 

1925- ... 

1926.. 

1927.. .. 

1928.. .. 

1929.. .. 

1930..  __ 

1931  

1932  

1933.. .. 

1934.. .. 

1935.. .. 

1936. . .. 

1937 

1938.. .. 

1939.. .. 

1940  

1941  

1942  

1943  

1944  

1945  

1946  

1947  

1948  

1949  

1950  

1951  

1952  

1953  

1954  

1955  

1956  

1957  

Mean 


Yield 
per  acre 

Precipitation 

Soil 

moisture 

Preseasonal 
Aug.  9- 
Apr.  11  1 

Seasonal 
Apr.  12- 
Aug.  8 

Bushels 

Inches 

Inches 

Inches 

28.3 

9.  73 

5. 39 

33.8 

9.64 

7. 33 

35.7 

23.03 

12.24 

7. 48 

26.8 

30. 10 

8.  66 

7. 47 

23.3 

23.49 

6.  86 

7. 66 

0 

18.  32 

11.95 

8. 12 

27.0 

26.  60 

5. 46 

8.70 

21. 1 

19.  53 

16.  91 

7.35 

38.7 

27.  77 

14.  45 

6.79 

22.8 

26. 14 

13.00 

7.62 

12.3 

25. 10 

5.  24 

7.  47 

19.5 

13.74 

6.  93 

5.3 

17. 06 

4.11 

21.1 

13.77 

9.  24 

5.  7 

19.  56 

7. 19 

4.44 

27.6 

23.08 

11.  53 

6.40 

14.8 

25.  80 

12. 14 

6.07 

27.0 

25.  61 

8.  55 

7.  75 

20.0 

22.74 

7.  77 

6. 42 

11.0 

18.  76 

6.  59 

4.  67 

22.3 

18.  55 

11.81 

5.  39 

29.2 

26. 16 

10.42 

6. 12 

15.3 

25.27 

7. 06 

20.0 

22.48 

7.24 

11.88 

2.5 

21.03 

9.23 

24.2 

21.85 

10.  81 

8. 03 

14.3 

23.89 

7. 02 

7.64 

8.0 

17.  77 

5.  36 

11.5 

12.67 

10.37 

0 

17.60 

2.  00 

5.3 

11.03 

11.51 

7.7 

21.23 

11.75 

26.7 

20.82 

11.80 

14.3 

20.  43 

10.44 

17.0 

21. 15 

20.64 

48.0 

37. 48 

13.  33 

19.5 

30.52 

8.43 



39.5 

20.  85 

11.60 

26.7 

29. 48 

6.18 

27.0 

21.27 

7. 08 

18.5 

17.  88 

13.50 

34.5 

26.  90 

10.  51 



7.2 

20.90 

5.41 

17.5 

16. 43 

6.  79 

22.2 

19.41 

7.54 

8.2 

23.  58 

6.  55 

21.2 

22. 12 

13. 16 

10.3 

25.  72 

6.  71 

20.7 

21.60 

10.07 

7.2 

22.  56 

7. 32 

7.8 

16.  55 

14.  53 

19.1 

21.95 

9.  50 

7. 10 

1 Includes  fallow  year. 
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Table  16. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil 
moisture  at  seeding  for  spring-plowed  continuous-cropped  plots  at  Dickinson,  N.  Dak. 


Year 

Yield 
per  acre 

Precipitation 

Soil 

moisture 

Preseasonal 
Aug.  9- 
Apr.  11 

Seasonal 
Apr.  12- 
Aug.  8 

Bushels 

Inches 

Inches 

Inches 

1907  

37.0 

9.  73 

7.  71 

1908  _ 

24.3 

5. 93 

9.  64 

5. 87 

1909  

26.8 

7.  46 

12.  24 

5.  57 

1910  - - 

17.4 

10. 40 

8.  66 

6. 46 

1911  - - _ - - 

5.  7 

4.43 

6.  86 

5.  41 

1912  _ ---  

0 

7. 03 

11.  95 

6.69 

1913  _ _ . _ __  - 

13.  5 

7.  62 

5.  46 

7.29 

1914  _ _ - - 

10.  5 

6. 45 

16.  91 

4.  85 

1915  _ . _ _ - - _ - 

25.8 

4.41 

14.45 

4.69 

1916  

16.7 

7.  28 

13.00 

7.59 

1917  - _ 

5.  5 

4.82 

5. 24 

6. 19 

1918  - . - _ - 

3.  5 

3.  68 

6.  93 

1919  - - _ _ . 

0 

6.45 

4. 11 

1920  - - - - --- 

15.6 

3.21 

9.24 

1921  - - - 

3.9 

7. 11 

7. 19 

3.42 

1922  - - _ - _ - --  

23.  5 

8.  78 

11.  53 

5.44 

1923  _ _ _ _ - - 

10.3 

5.  49 

12. 14 

6.  79 

1924  _ - ---  - _ 

18.0 

7.  98 

8.  55 

7.79 

1925  . _ - 

4.  5 

6.  21 

7.  77 

5.  78 

1926  - - - - --  - _ - 

0 

4.  78 

6.  59 

3. 21 

1927  - . _ ---  _ __ 

11.  8 

7. 18 

11.  81 

4.84 

1928  - - - - 

12.  5 

7. 17 

10.42 

5. 27 

1929  _ 

10.2 

7.  78 

7. 06 

1930  

7.3 

7.  64 

7.  24 

9.70 

1931  - - - 

1.0 

6. 15 

9. 23 

1932  

15.  7 

6.  47 

10.  81 

6.66 

1933 

1.  8 

6.  61 

7. 02 

5. 45 

1934  _ - 

1.3 

4. 14 

5.  36 

1935  . - 

13.  5 

3. 17 

10.  37 

1936  - - - - 

0 

4.  06 

2.  00 

1937 

10.0 

4.  97 

11.  51 

1938  

4.3 

4.  75 

11.  75 

1939  - - - 

17.  0 

4.  32 

11.  80 

1940  - 

8.  7 

4.  31 

10.  44 

1941  --  

12.3 

6.  40 

20.  64 

1942  _ 

28.  7 

10.  44 

13.  33 

1943  

17.  8 

6.  75 

8.  43 

1944  

20.2 

5.  67 

11.  60 

1945  

13.2 

12.  21 

6. 18 

1946  - 

9.  3 

2.  88 

7.  08 

1947 

15.0 

7.  92 

13.  50 

1948 

21.  7 

5.  48 

10.  51 

1949 

3.2 

4.  91 

5.41 

1950  - - - - 

14.  5 

6. 11 

6.  79 

1951 - - 

13.  7 

6.  51 

7.  54 

1952  _ - _ . ______ 

7.  5 

9.  53 

6.  55 

1953  _ _ 

15.  8 

6. 04 

13. 18 

1954  _ _ _ 

9.0 

6.  52 

6.  71 

1955 _ 

21.  5 

8.  37 

10. 07 

1956  - ' __  ___ 

2. 1 

4. 12 

7.32 

1957 J 

10.  5 

5. 11 

14.  53 

Mean___  .__  _ 

12.0 

6.  26 

9.  50 

6. 03 
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Table  17. — Spring  wheat  yield,  precipitation  by  climatological  weeks,  and  soil 
moisture  at  seeding  for  fallowed  plots  at  Howre,  Mont. 


Precipitation 

Year 

Yield 
per  acre 

Preseasonal 
Aup.  9- 
Apr.  18  1 

Seasonal 
Apr.  19- 
Aug.  8 

Soil 

moisture 

1917  

Bushels 

11.7 

Inches 

Inches 

3.32 

Inches 

11.0 

1918 

5.8 

17.06 

2.  98 

10.2 

1919 

2.2 

17.  81 

3.  72 

7.6 

1920 

10.5 

13.  89 

6.  33 

8.6 

1921 

19.0 

15.  67 

8.  01 

9.1 

1922 

12.2 

17.  73 

6.  60 

9.2 

1923 

20.0 

14.  52 

11.25 

8.1 

1924 

19.0 

19.  63 

8.  22 

9.0 

1925 

18.5 

17.  67 

9.17 

8.5 

1926 

13.  5 

21.05 

3.  21 

9.8 

1927 

37.7 

18.  50 

12.  57 

11.7 

1928 

41.3 

24.  59 

7.  77 

9.7 

1929 

15.7 

17. 15 

6.  80 

9.9 

1930 

11.3 

17.04 

3.  99 

10.2 

1931 

3.0 

14.  03 

5.  49 

8.1 

1932 

27.2 

13.  45 

9.  21 

8.2 

1933 

12.8 

17.  90 

6.  07 

10.4 

1934 

.5 

20.  77 

4. 16 

8. 1 

1935 

13.2 

18.  47 

4.  93 

9.9 

1936 

.3 

13.  06 

3.  20 

8.4 

1937 

5.5 

9.  94 

7.  07 

6.3 

1938 

22.7 

16.  27 

9.  39 

8.  5 

1939 

9.8 

19.  02 

7. 11 

8.4 

1940 

10.8 

16.  44 

6.  33 

8.0 

1941 

19.3 

16.  83 

5.  86 

9.2 

1942 

24.2 

18.  39 

9.  25 

10.4 

1943 

31.3 

20.  80 

8.  84 

9.9 

1944 

31.2 

15.  91 

6.  39 

8.5 

1945 

9.0 

13.11 

4.  42 

7.1 

1946 

16.7 

13.89 

4.  30 

7.7 

1947 

13.7 

15.  20 

4.  45 

8.2 

Mean-.  . _ 

15.8 

16.  86 

6.  46 

9.0 

1 Includes  fallow  year. 
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Table  18. — Spring  wheat  yield,  precipitation  by  climatological  weeks,  and  soil  mois- 
ture at  seeding  for  spring-plowed  continuous- cropped  plots  at  Havre,  Mont. 


Year 

Yield 
per  acre 

Precipitation 

Soil 

moisture 

Preseasonal 
Aug.  9- 
Apr.  18 

Seasonal 
Apr.  19- 
Aiig.  8 

Bushels 

Inches 

Inches 

Inches 

1917 

3.5 

4.68 

3.  32 

5.  33 

1918 

5.7 

9.  06 

2.  98 

7.  68 

19]  9 

1.5 

5.  77 

3.  72 

5.  72 

1920 

7.2 

4.40 

6.  33 

6.  58 

1921 

9.7 

4.  94 

8.01 

6.40 

1922 

7.2 

4.  78 

6.60 

7.20 

1923 

16.7 

3.14 

11.  25 

6.  30 

1924 

11.8 

5.  24 

8.22 

6.  20 

1925 

16.3 

4.  45 

9. 17 

5.  90 

1926 

4.3 

7.  43 

3.  21 

7.  20 

1927 

26.2 

7.  86 

12.  57 

10. 10 

1928 

16.0 

4.16 

7.  77 

6.  90 

1929 : 

8.4 

5.  22 

6.80 

7. 10 

1930 

2.2 

5.  02 

3.99 

7.  00 

1931 

.8 

5.  02 

5.  49 

5.50 

1932 

21.7 

2.  92 

9.  21 

5.50 

1933 

.8 

5.  75 

6.  07 

5.60 

1934 

.2 

8.  95 

4. 16 

7.  47 

1935 

4.2 

5.  36 

4.  93 

7. 10 

1936 

0 

2.  77 

3.  20 

5.60 

1937 

1.2 

3.97 

7.  07 

4.  90 

1938 

13.2 

5.23 

9.  39 

6.60 

1939 

1.7 

4.  40 

7. 11 

5.10 

1940 

6.2 

4.  95 

6.  33 

7.50 

1941 

4.0 

5.  55 

5.  86 

5.  70 

1942 

19.2 

6.98 

9.  25 

7.70 

1943 

16.0 

4.  57 

8.  84 

6. 10 

1944 

6.3 

2.  50 

6. 39 

5. 10 

1945 

2.8 

4.  22 

4.  42 

5.80 

1946 

3.0 

5.  25 

4.  30 

5. 13 

1947 

5.2 

5.  65 

4.  45 

3.  60 

Mean..  _ __  _ _ _ 

7.8 

5.17 

6.  46 

6.31 
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Table  19. — Spring  wheat  yield,  precipitation  hy  climatological  weeks,  and  soil  mois- 
ture at  seeding  for  fallowed  plots  at  Huntley,  Mont. 


Precipitation 

Year 

Yield  per 
acre 

Preseasonal 
Aug.  2- 
Apr.  11  1 

Seasonal 
Apr.  12- 
Aug.  1 

Soil 

moisture 

1913 

PiLshels 

22.7 

Inches 

22. 27 

Inches 

4.  70 

Inches 

10.  59 

1914 1 

19.5 

20. 89 

7.03 

12. 13 

1915 

36.  5 

19.  58 

11.80 

9. 26 

1916 

13.5 

23.  75 

6.  76 

7.86 

1917  - 

11.3 

20.  99 

6.  67 

10.  87 

1918  - - 

18.8 

24. 16 

5.  03 

10. 65 

1919  - 

.7 

20. 47 

2.  32 

7.  43 

1920  - - - 

6.8 

20.  54 

8.  29 

10. 22 

1921 . - 

17.  7 

24.  49 

7. 19 

9. 12 

1922 

19.3 

19.  47 

10.  72 

8.  85 

1923 

10.3 

24.  02 

8.  75 

9. 27 

1924 

21.8 

25.  97 

6.  35 

11.  29 

1925 

10.0 

24.  75 

5.  89 

10. 02 

1926  - - 

1.  5 

18. 16 

5.  05 

7. 36 

1927  - - - 

20.3 

18.  26 

10.  76 

8.  95 

1928  _ - - - 

20.  5 

30.07 

4.  70 

10.  07 

1929  - - - - - - - 

9.  7 

25.  54 

3.  65 

8. 83 

1930  - - _ - - _ 

0 

19.  32 

4.  79 

7.  98 

1931  - - 

0 

18. 05 

1.39 

5. 47 

1932  - - 

2.  7 

15.  24 

6.  79 

6.  61 

1933  - - 

. 5 

20.  59 

4. 87 

6.  83 

1934  - 

4.  5 

20.  14 

2.  22 

6. 60 

1935  

2.  5 

18. 13 

5.  61 

8.  44 

1936  - - ---  - 

.2 

18.  41 

4.  24 

6.  92 

1937  -- 

5.5 

13.  97 

3.  81 

5.  47 

1938  

28.8 

14.  42 

8.  87 

7.  72 

1939  

12.3 

20.  76 

8. 08 

8.  99 

1940  

10.8 

18.11 

5.  57 

9.  79 

1941  

2.  5 

14.  36 

6.  45 

8.  59 

1942  - - 

23.3 

21.99 

7.  79 

12.  63 

1943 

31.  7 

24.  77 

6.  59 

11. 16 

1944 

47.  5 

15.  89 

9.  76 

10.  23 

1945  - - _ 

20.3 

18.  57 

6.  26 

9. 13 

1946 

18.3 

17.  43 

4.  56 

7. 91 

IMean 

13.9 

20.  40 

6.  27 

8.  92 

1 Includes  fallow  year. 
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Table  20. — Spring  wheat  yield,  precipitation  by  climatological  weeks,  and  soil  mois- 
ture at  seeding  for  spring-ploived  continuous-cropped  plots  at  Huntley,  Mont. 


Precipitation 

Year 

Yield  per 
acre 

Preseasonal 
Aug.  2- 
Apr.  11 

Seasonal 
Apr.  12- 
Aug.  1 

Soil 

moisture 

1913 

Pusf'els 

16.0 

Inches 

8. 92 

Inches 

4. 70 

Inches 

8. 85 

1914  _ - - 

18.3 

7.  27 

7. 03 

7. 67 

1915 

24.  5 

5.  28 

11.80 

6.  71 

1916 

5.8 

6.  67 

6. 76 

7. 11 

1917 

7.8 

8.  46 

6. 67 

11.  81 

1918 

1.  5 

9. 03 

5. 03 

7.82 

1919 

0 

6. 41 

2. 32 

6.60 

1920 

8.2 

11.81 

8.  29 

10.  04 

1921 

3.0 

4.  39 

7. 19 

5.  76 

1922 

20.7 

7.  89 

10.  72 

8.  22 

1923 

6.3 

5. 16 

8.  75 

7.  71 

1924 

26.7 

11.81 

6.  35 

11.  51 

1925 

7.0 

6.59 

5.  89 

6.  97 

1926 

0 

5.  68 

5.  05 

7.  76 

1927  - - . _ - 

24.2 

7.  53 

10.  76 

8.  47 

1928 

3.8 

11.  78 

4.  70 

7.  68 

1929  - - 

2.8 

9.  06 

3.  65 

7.  35 

1930 

0 

6.  61 

4 79 

7.  22 

1931  . 

0 

6.  65 

1.39 

5.  59 

1932  _ _ - 

2.  3 

7.  20 

6.  79 

7.  40 

1933  _ __  . _ 

0 

6.  60 

4.  87 

6.  58 

1934  

0 

8.  67 

2. 22 

7.  54 

1935  _ 

1.0 

7.  33 

5.  61 

7.  94 

1936  - 

0 

5.  47 

4. 24 

5.  87 

1937  

2.0 

4.  26 

3.  81 

6. 13 

1938  _ _ 

30.3 

6.  35 

8.  87 

7.  74 

1939  . . 

7.5 

5.  54 

8. 08 

7.  78 

1940  __  

4.3 

4.49 

5.  57 

6.  90 

1941 _ - 

5.0 

4.  30 

6. 45 

7.  97 

1942_.  _ _ 

23.5 

11.24 

7.  79 

12.  94 

1943  - 

9.0 

5.  74 

6.  59 

8. 12 

1944-.  

9.0 

3.  56 

9.  76 

7.32 

1945 _ _____  

5.8 

5.  25 

6.  26 

6.  81 

1946 

5.5 

5.  92 

4.  56 

6.  99 

Mp.an 

8.3 

7.  03 

6. 27 

7. 79 
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